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Abstract. The properties of a sample of 31 very powerful classical double 
radio galaxies with redshifts between zero and 1.8 are studied. The source ve- 
locities, beam powers, ambient gas densities, total lifetimes, and total outflow 
energies are presented and discussed. The rate of growth of each side of each 
source were obtained using a spectral aging analysis. The beam power and am- 
bient gas density were obtained by applying the strong shock jump conditions 
to the ends of each side of the source. The total outflow lifetime was obtained 
by applying the power-law relationship between the beam power and the total 
source lifetime derived elsewhere for sources of this type, and the total outflow 
energy was obtained by combining the beam power and the total source lifetime. 

Composite profiles were constructed by combining results obtained from 
each side of each source. The composite profiles indicate that the ambient gas 
density falls with distance from the central engine. The source velocities, beam 
powers, total lifetimes, and total energies seem to be independent of radio source 
size. This is consistent with the standard model in which each source grows at 
a roughly constant rate during which time the central engine puts out a roughly 
constant beam power. The fact that the total source lifetimes and energies are 
independent of radio source size indicates that the sources are being sampled at 
random times during their lifetimes. 



1. Introduction 

Powerful extended radio galaxies are beacons that can be observed to very high 

redshift. A special and select subset of radio sources are studie d here: very pow- 

erful c lassical double radio sources with cigar dike bridge shapes. iLeahv. Muxlow. Stephens 



(1989) determined that sources of this type are among the most powerful FRII 



radio sources, and that these sources have quite regular radio bridge structure 
indicating that each side of each source is growing at a rate that is well into 
the supersonic regime and has negligible backflow. It follows that the equa- 
tions governing strong shocks may be applied to these systems. Strong shock 
physics is clean and simple, and makes these sources ideal candidates for de- 
tailed study and analysis (see De Young! 120021 ) . Thus, only powerful extended 



radio sources with 178 MHz radio powers greater than 3 x 10 26 h 2 W Hz x sr 1 
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Figure 1. The rate of growth or lobe propagation velocity of each side 
of each source as a function of core-hotspot separation for a magnetic field 
strengt h that is one quarter o f the minimum energy value. The 11 radio galax- 
ies fromlKharb et al. I (l2008f) are ind icat ed by open stars and 2 sourc es from 
iLeahv. Muxlow. fc Stephens I (| 19891) and lLiu. Poolev. fc Rilevl (|1992D are in- 
dicated by filled circles. Here, and in all of the figures, each side of each source 
is represented by one data point. 
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Figure 2. As in Figure 1, but for the ambient gas density at the extremities 
of each side of each source. 



where Hq = 100 h km s _1 Mpc _1 are included in this study, and only radio 
galaxies are included so as to minimize projection effects, which are likely to 
be much more important for radio loud quasars. Th e sample includes 1 1 ra- 
dio galaxies with brig ht bridge emission pres e nted by iKharb et al~ ( 20081 ). six 
sources p resented by Guerra. Daly. Sz Wan] ( 200C), and fourteen sources ob - 
served bv lLeahv, Muxlow. & Stephens I (119891) andlLiu. Poolev. fc Rilev I (l992), 



which were also studied by Wellman. Daly. &: Wan ( 19971 ). for a total of 31 
sources. A standard cosmological model with Hq = 70 km s _1 Mpc~ 1 , £l m = 0.3, 
and VL\ = 0.7 is used throughout. 



2. Results 



The work presented here is described in greater detail bv lO'Dea et al. I ( 20071 ). 
A spectral aging analysis was carried out on eleven radio galaxies presented 
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Figure 3. As in Figure 1, but for the beam power of each side of each source. 
Note that this beam power is independent of whether there are any offsets of 
the magnetic field strength from minimum energy conditions. 



bv lKharb et al. ( 20081 ). and combined with information obtained previously for 
twenty radio galaxies. The velocities are shown in Figure 1 as a function of core- 
hotspot separation. Two points are obtained for each source; one from each side 
of the source. The strong shock equation relating the ambient gas density p to 
the bridge pressure P and the rate of growth of the source v (p a oc P/v 2 ), and 
that relating the beam power Lj to these parameters and the bridge width a 
(Lj oc Pva?) were used to obtain the ambient gas density at the end of each side 
of each source and the beam power being channeled to each side of each source. 
The source widths and pressu res used to de r ive th e ambient gas densities and 
beam powers are presented bv lO'Dea et al. I (|2007l ). 

The composite profile of the ambient gas density is shown in Figure 2. The 
estimated ambient gas density is quite s ensitive to offsets f r om m i nimum energy 
condit ions, as discussed, for example, bvlPerlev &: Tavlow I ( 199ll ). ICarilli et al 



(|!99ll 1. and IWellman. Dalv. & Wan I (ll997l h The values shown here for the ve- 
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Figure 4. As in Figure 1, but for the total lifetime of the outflow. 



locity, ambient gas density, beam power, total source lifetime, and total source 
energy are obtained assuming the magnetic field strength is one quarter of the 
minimum energy value. This is the value suggested by requiring agreement be- 
tween the ambient gas density indicated by X-ray measureme nts and ram pres- 



sure confinement of the forward region of the radio so urce (jPerlev Tavlow 



19911 : ICarilli et al. Ifl99ll : IWellman. Dalv. fc Wanlll997l ). The ambient gas den- 
sity falls with distance from the radio core as expected if the sources are close 
to the center of clusters or protoclusters of galaxies. 

The beam power is plotted as a function of core-hotspot separation in Figure 
3, which indicates that the beam power of each source is likely to be roughly 
constant over the lifetime of the source. Interestingly, the beam power obtained 
here (Lj oc vPa?) has a very weak dependence on any offsets of the magnetic 
field strength from minimum energy conditions due to a cancell ation between 
the w ay the magnetic field enters v and P, as demonstrated by lO'Dea et al. 



(|2007T ). Thus, our determination of Lj is essentially independent of whether the 
system is close to or quite far from minimum energy conditions. 



6 



o 

o 

55 




100 200 300 

Core — HS Separation (kpc) 



400 



Figure 5. As in Figure 1, but for the energy channeled into the outflow over 
the total lifetime of the source. 



A comparison of the properties of each source with those of the parent pop- 
ulation at similar redshift allow a power-law relationship to be derived between 
the beam power of a given source and the total lifetime of th e outflow that pow - 
ers the large-scale radio emission, as discussed in detail by iDalv et al. I ( 20071 ) 
for the sample shown here (see also IDalv &: Guerra 2002i ) . The total outflow 
lifetime is shown as a function of core-hotspot separation in Figure 4. The fact 
that the lifetime is independent of core-hotspot separation suggests that each 
source is being randomly sampled during its lifetime. Typical lifetimes of about 
10 7 years are derived. Total source energies are obtained by taking the prod- 
uct of the beam power and the total source lifetime; typical outflow energies of 
about 1O 6 M are obtained, as shown in Figure 5. 
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3. Conclusions 

Very powerful classical double radio galaxies provide a powerful tool to study the 
properties and environments of AGN. These sources have regular radio bridge 
structures, indicating that they are propagating at speeds well into the super- 
sonic regime and that they have negligible internal backflow speeds (Leahy, 
Muxlow, and Stephens 1989). This means that the equations of strong shock 
physics can be applied to these systems allowing us to obtain the beam power 
and ambient gas density of each side of each source from measurements of the 
source width, pressure, and rate of growth of each side of each source. In ad- 
dition, other studies of this type of source indicates a power law relationship 



betw een the beam power and total lifetime of the source (e.g. iDalv Guerra 



20021 ). This allows us to obtain an estimate of the total lifetime and outflow 



energy of each source. 
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